The hydrothermal reactions of 5-(benzimidazol-1-ylmethyl)isophthalic acid (H 2 L) with Zn(II) and Cd(II) salts lead to the formation of the two new complexes [Cd(L)] (1) and [Zn(L)] (2). In the presence of 2-(pyridin-2-yl)-1H-benzimidazole (pybim) as auxiliary ligand, complex [Zn(L)(pybim)] (3) was obtained. Complexes 1-3 have been characterized by single-crystal and powder X-ray diffraction, IR spectroscopy, and elemental and thermogravimetric analyses. Complexes 1 and 2 are isostructural and exhibit a binodal (3,6)-connected 2D kgd network structure with (4 3 ) 2 (4 6 .6 6 .8 3 ) topology; 3 consists of uninodal 3-connected 2D (6 3 ) hcb networks. The influential factors of synthetic strategies on the coordination modes of the ligands and on the structures and properties of the resulting complexes are discussed. The luminescence properties of 1-3 were investigated.
Introduction
In the past decade, much progress has been achieved in the synthesis and structural characterization of metal-organic frameworks (MOFs), many of which exhibit fascinating structures, interesting properties, and potential applications in many fields [1 -4] . Current efforts have been focused on the exploration of such inorganic-organic hybrid materials with multifunctional properties, such as catalytic, absorptive, magnetic, and electric properties, and of fluorescence and nonlinear optical (NLO) effects [5 -8] . The functional properties of complexes are closely related to the nature of the metal centers and of the ligands, and their architectures. For example, complexes containing metal centers with d 10 electron configuration, such as Zn(II) and Cd(II), may exhibit luminescence [9, 10] ; metal ions possessing unpaired electrons, such as Mn(II), Co(II), Ni(II), and Cu(II) can be bridged by ligands to form polynuclear subunits which mediated magnetic interactions [11 -13] ; when complexes crystallize in an acentric space group, induced by a dipolar ligand such as 4-(pyridin-4-yl)benzonitrile, then noncentrosymmetric structures may show second-order non-linear optical (NLO) effects [14] . Therefore, it becomes significant to assemble complexes under different synthetic conditions, which can give access to composite polymers with novel functional properties in the vast domain of multifunctional materials.
For the construction of MOFs [15 -17] , multidentate organic ligands with N-or O-donors are often utilized as building blocks; for example, multicarboxylate ligands are suitable to build polymers due to their versatile coordination modes and structural diversity. Imidazole-, pyridine-, or benzimidazolecontaining N-donors can react with various metal salts leading also to the formation of MOFs with multi-dimensional architectures and interesting functional properties [18 -21] . Recent studies have further demonstrated that mixed organic ligands, especially mixed N,O-donor ligands, are good candidates for the construction of novel MOFs due to tunable factors [22 -24] . Following such synthetic strategy, we have been focusing our attention on coordination reactions of 5-(benzimidazol-1-ylmethyl)isophthalic acid (H 2 L) with various metal salts. The H 2 L ligand is an efficient and versatile organic building unit already used in our previous studies, exhibiting an advantage over other N-or O-donor ligands since it possesses both carboxylate and flexible benzimidazol-1-ylmethyl groups. Hitherto, two copper complexes showing NLO effects and two manganese and two cobalt complexes with interesting magnetic properties have already been reported [25, 26] . From a continuation of our research, we report herein the synthesis and structural characterization of three luminescent coordination polymers
The fluorescence and the decomposition of 1-3 were also examined.
Results and Discussion

Preparation
The hydrothermal reactions of stoichiometric amounts of Cd(II) and Zn(II) salts with H 2 L provided single-crystalline materials of 1 and 2. When pybim was introduced into the zinc salt reaction system as auxiliary ligand, complex 3 was obtained. Complexes 1-3 are stable in air. The crystal structures of 1-3 are discussed in detail in the following sections.
Structural description of [Cd(L)] (1) and [Zn(L)] (2)
The same space group and similar cell parameters as listed in Table 1 imply that complexes 1 and 2 are isostructural, and the results of the structure analyses indicate that they have the same 2D network structure. Therefore, only the structure of 1 is described in detail here.
Complex 1 crystallizes in the monoclinic system with space group P2 1 /c. Its asymmetric unit consists of one Cd 2+ cation and one L 2− anion. As shown in Fig. 1a 2 ] with a Cd···Cd distance of 3.92Å, which is shorter than the sum of two van der Waals radii (4.60Å). Each SBU is connected to six adjacent ones through L 2− ligands to form a 2D network structure perpendicular to the a axis (Fig. 1b) . Using topology to analyze the structure, each SBU could be regarded as a 6-connector node, and the L 2− ligand as a 3-connector node, and thus, the resultant structure of 1 could be simplified as a binodal (3,6)-connected 2D kgd network with (4 3 ) 2 (4 6 .6 6 .8 3 ) topology ( Fig. 1c) [27] .
Structural description of [Zn(L)(pybim)] (3)
Complex 3 also crystallizes in the monoclinic space group P2 1 /c. The asymmetric unit of 3 contains one Zn 2+ cation, one L 2− anion, and one pybim molecule. Each Zn atom is fourfold coordinated with tetrahedral coordination geometry [N 2 O 2 ] by two carboxylate oxygen atoms from two different L 2− ligands and two nitrogen atoms from a pybim molecule and a benzimidazolyl group (Fig. 2a) . The coordinating bond lengths vary from 1.983(2) to 2.059(3)Å, the bond angles are in the range from 99.81(12) to 133.35 (12) • , comparable to previously reported values for Zn(II) complexes. Both carboxylate groups in the L 2− ligand of complex 3 show a µ 1 -η 1 : η 0 -monodentate coordination mode. Each L 2− ligand bridges three different Zn atoms, and in turn each Zn(II) atom is coordinated by three different L 2− ligands. Thses connections extend infinitely to form a 2D network (Fig. 2b) . Both the L 2− ligands and the Zn(II) atoms in 3 can be regarded as 3-connectors, and thus, the network of 3 can be simplified into a uninodal 3-connected 2D hcb network with (6 3 ) topology (Fig. 2c) . 
PXRD, IR, and thermal stabilities of complexes 1-3
The phase purity of 1-3 could be proven by powder X-ray diffraction (PXRD) analyses. As shown in Fig. 3 , each pattern of the bulk sample was in agreement with the pattern simulated from the corresponding single-crystal data.
The absence of IR bands between 1680 and 1760 cm −1 indicates complete deprotonation of the carboxylic groups of H 2 L. Characteristic bands of carboxylate asymmetric stretches are at 1613 and 1557 cm −1 for 1, 1625 and 1569 cm −1 for 2, and 1612 and 1591 cm −1 for 3. Characteristic bands of carboxylate symmetric stretches appear at 1507 and 1451 cm −1 for 1, 1509 and 1453 cm −1 for 2, and 1501 and 1459 cm −1 for 3.
To estimate the thermal stability of 1-3, thermogravimetric analyses (TGA) were carried out under N 2 atmosphere with a heating rate of 10 • C min −1 . The TGA curves were recorded from 30 to 800 • C. As shown in Fig. 4 , no obvious weight loss can be observed prior to the decomposition of the frameworks starting at 470 • C for 1, at 524 • C for 2, and at 400 • C for 3, which further confirms that no solvent is contained in the structures.
Luminescence properties
The luminescence properties of complexes with d 10 metal centers such as Cd(II) and Zn(II) are of interest for their potential applications as photoactive materials [28 -31] . Therefore, the luminescence properties of 1-3, as well as of the free H 2 L ligand, were investigated in the solid state at room temperature. As shown in Fig. 5 , intense bands were observed at 407 nm (λ ex = 345 nm) for 1, 421 nm (λ ex = 344 nm) for 2, 404 nm (λ ex = 340 nm) for 3, and 396 nm (λ ex = 338 nm) for the H 2 L ligand. As for the origin of fluorescence of the complexes, it may be assigned to intraligand transitions of the coordinated L 2− ligands, since a similar emission can be observed for the free H 2 L ligand [32 -34] . The observed red shifts of the emission maximum for the complexes vs. the H 2 L ligand originate from the coordination interactions [35, 36] .
The emission decay lifetimes of complexes 1-3 were measured on an FLS920 spectrofluorimeter under ambient temperature and were analyzed with two exponentials functions f (t) [37, 38] :
B 1 and B 2 are the decay amplitudes, A is a constant, and τ 1 and τ 2 are the time constants of the decay i. As a result, the decay lifetimes are τ 1 = 2.644 µs and τ 2 = 26.16 µs (χ 2 = 1.255) for 1, τ 1 = 2.393 µs and τ 2 = 22.74 µs (χ 2 = 1.257) for 2, and τ 1 = 2.446 µs and τ 2 = 14.76 µs (χ 2 = 1.287) for 3. The average decay times (τ av ) were calculated using the following formula:
and found to be about 21.81, 18.01, and 12.82 µs, respectively. It is noteworthy that the decay lifetimes become shorter from 1 to 3. Different decay lifetimes of 1 and 2 were observed in spite of the isostructural relation implying that the metal centers have an influence on the photoluminescence. The difference of decay lifetimes in structurally different zinc complexes 2 and 3 may be attributed to different molecular rigidity [39 -41] .
Conclusion
The 5-(benzimidazol-1-ylmethyl)isophthalate ligand (L 2− ) was employed as an organic building block with variable coordination modes. Hydrothermal reactions of H 2 L with Cd(II) and Zn(II) salts have pro-
. Complexes 1 and 2 are isostructural and exhibit binodal (3,6)-connected 2D kgd network structures with (4 3 ) 2 (4 6 .6 6 .8 3 ) topology; 3 consists of an uninodal 3-connected 2D (6 3 ) hcb network. The results show that auxiliary ligands can influence the coordination modes of the ligand and the structures of the resulting complexes. As expected, the d 10 metal complexes exhibit strong luminescence emission.
Experimental Section
All commercially available chemicals were of reagent grade and used as received without further purification. The H 2 L ligand was synthesized via the experimental procedure reported in the literature [42, 43] . Elemental analyses of C, H, and N were carried out on a Perkin-Elmer 240C elemental analyzer. Infrared spectra (IR) were recorded on a Bruker Vector22 FT-IR spectrophotometer by using KBr pellets. Thermogravimetric analysis (TGA) was performed on a simultaneous SDT 2960 thermal analyzer under nitrogen atmosphere with a heating rate of 10 • C min −1 . Powder X-ray diffraction (PXRD) patterns were measured on a Shimadzu XRD-6000 X-ray diffractometer with CuK α (λ = 1.5418Å) radiation at room temperature. The luminescence spectra for the powdered solid samples were measured on an Aminco Bowman Series 2 spectrofluorometer with a xenon arc lamp as the light source. In the measurements of emission and excitation spectra the pass width was 5 nm, and all measurements were carried out under the same experimental conditions.
Syntheses
For a better conversion of the H 2 L ligand, the metal salts were used in excess to synthesize the complexes 1-3.
Preparation of [Cd(L)] (1)
The reaction mixture of Cd(NO 3 a Symmetry transformations used to generate equivalent atoms: 
X-Ray structure determinations
The crystallographic data collections for complexes 1-3 were carried out on a Bruker Smart Apex CCD area detector diffractometer using graphite-monochromatized MoK α radiation (λ = 0.71073Å) at 293(2) K. The diffraction data were integrated by using the program SAINT [44] , which was also used for the intensity corrections for Lorentz and polarization effects. Semi-empirical absorption corrections were applied using the program SADABS [45] . The structures of 1-3 were solved by Direct Methods, and all non-hydrogen atoms were refined anisotropically on F 2 by the full-matrix least-squares technique using the SHELXL-97 crystallographic software package [46] . In 1-3, all hydrogen atoms at C atoms were generated geometrically; the hydrogen atoms at N4 of 3 could be found at a reasonable position in the difference Fourier maps and were located as such. The details of crystal parameters, data collection, and refinements are summarized in Table 1 ; the selected bond lengths and angles are listed in Table 2 .
CCDC 917922-917924 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
